Introduction
Polar stratospheric clouds (PSCs) are believed to play two essential roles in the ozone destruction process. They provide the surfaces necessary to permit chlorine (and bromine) to be released from reservoir species (C1ONO• and HC1), and they sequester r,active nitrogen which would otherwise react with chlorine and thereby prevent it from destroying ozone [Solomon, 1990] The primary information from lidars is the scattering ratio, R: the ratio of the total detected atmospheric echo to that expected from purely molecular scattering. Molecular backscattering is calculated from the atmospheric number density by means of temperature and pressure soundings. The lidar signal is calibrated by making it equal to the calculated molecular signal at an altitude where the atmosphere is assumed to be particle free. In Antarctica, calibration heights are usually chosen above 23 km, where the aerosol contribution to the scattering is commonly negligible [Gobbi et al., 1991] , and the scattering ratio drops to minimum values. Particle counter measurements confirm the selection of the particle free region. The lidar also measures depolarization, D, which is reported here as the percentage of depolarized signal with respect to the total collected. When the optical depth of the cloud is sufficiently low, as in PSCs, contamination of the lidar echoes from multiple scattering is negligible and the depolarization is an indication of asphericity in the particle shape.
Balloonborne optical aerosol particle counters were used for "in situ" observations of aerosol number density for particles with radii Particles with radii larger than 0.5/zm were absent in the background profile above 16 kin. The particle counter measurements were used to obtain lognormal size distributions to fit the particle size distributions in the PSCs. Concentrations of particle mass and surface area, and necessary vapor mixing ratios for HNO3, assuming the particles are composed of NAT, are shown, along with the lognormal parameters, in Table 1 . Bimodal distributions were primarily used. On 27 August at 13.8 kin, and on 28 August at 17.1 and 18.9 km the computed HNO3 vapor mixing ratios in the condensed phase are 2 to 3 times higher than the expected ambient concentrations at that time of the year. This suggests that the particles were mostly formed by ice. For the particles in these layers the computed H:O vapor mixing ratios were a factor of 10 to 100 below the measured water mixing ratio of 2-3 ppmv.
The aerosol size distributions were also used to infer scattering ratios for different indices of refraction. In Table 1 , these results are compared with the measurements. Assuming the particles to be composed of NAT or 60% sulfuric acid solutions in water the appropriate indices are respectively 1.37 and 1.43; however, ifthe NAT particles have a crystalline rather than an amorphous structure, an index of refraction near 1.5 may be more appropriate [Toon et al., 1990] . Scattering ratio calculations assumed indices of refraction of 1.37 and 1.5. Observed depolarization is also reported in Table 1 .
According to the "in situ" particle measurements on 27 August, Figure 2b Large particles were detected only in the lower layer around 19 km; however, the particle counter measurements between 19 and 22 krn are sketchy due to data telemetry problems. In the layer at 19 krn, lidar measurements reached scattering ratios up to 30 and alepolarizations larger than !0%. This suggests an ice cloud consisting of aspherical ice crystals. The observed large scattering ratios require particle masses which can only be supplied by condensed water and the depolarization ratios suggest aspherical ice crystals. Table 1 for the PSC layers examined. On 27 August, slower cooling rates permitted a few large particles to grow, while on the 28 August, with faster cooling rates, growth took place mainly on a larger number of particles in the first mode. Conclusions measurements were made, including condensation nuclei and optical aerosol. Two combined measurements were performed on PSCs at the end of August. In spite of severe ozone depletion these were the only two PSC sightings in this period. Bimodal lognormal distributions best represented the size distributions encountered in PSCs even during different formation stages. Agreement was found between calculated and measured scattering ratios primarily for indices of refractions near 1.5. This fact and the evidence of asphericity given by large alepolarization values suggest that PSC particles condense in a crystalline structure even for relatively small sizes. The cooling rate strongly controls the number of particles on which NAT condensation occurs. Temperature fluctuations generated by lee waves in the troposphere were observed to propagate upward into the stratosphere and cause formation of ice clouds which had relatively short time and space scales.
